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REMARKS 

By this amendment, claim 1 has been amended, and claims 2 and 3 have been added. 
Thus, claims 1-3 are now active in the application. Reexamination and reconsideration of the 
application are respectfully requested. 

The specification and abstract have been carefully reviewed and revised to make 
grammatical and idiomatic improvements in order to aid the Examiner in further consideration of 
the application. The amendments to the specification and abstract are incorporated in the attached 
substitute specification and abstract. No new matter has been added. 

Attached hereto is a marked-up version of the changes made to the specification and 
Abstract by the current amendment. The attachment is captioned " Version with markings to 
show changes made ." 

Also, submitted herewith is a replacement drawing sheet for Fig. 4. This replacement 
Fig. 4 adds a reference number (35) to refer to the "minute oil leak gap" between the sleeve 12 
and plunger 24, as referenced in the specification at paragraph [0029]. 

In item 1 on pages 2-6 of the Office Action, claim 1 was rejected under 35 U.S.C. 103(a) 
as being anticipated by Domenichini (U.S. 4,752,062) in view of Chan (U.S. 2002/0171223). 
This rejection is traversed in part and is believed clearly inapplicable to the claims as now 
presented, for the following reasons. 

With exemplary reference to the present drawing figures, claim 1 sets forth an auto- 
tensioner A for engine accessories, comprising: a cylinder 1 1 having an open top end; a sleeve 
12 having a bottom and inserted in the cylinder 1 1; a seal member 13 mounted to the cylinder 11 
at the open top end to prevent leakage of hydraulic oil in the cylinder 1 1 ; a rod 16 slidably 
extending through the seal member 13; a plunger 24 connected to a bottom end of the rod 16 so 
as to be slidable in the sleeve 12, the plunger 24 defining a reservoir chamber 26 and a pressure 
chamber 25 in the cylinder 1 1 over and under the plunger 24, respectively, and having a passage 
27 through which the pressure chamber 25 communicates with the reservoir chamber 26; a check 
valve 28 provided at the passage 27 to close the passage 27 when a pressure in the pressure 
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chamber 25 exceeds a pressure in the reservoir chamber 26 and a return spring 21 mounted 
around the cylinder 1 1 to bias the rod 16 outwardly of the cylinder 1 1 ; wherein a minute oil leak 
gap 35 (see replacement Fig. 4, as well as paragraph [0029]) is formed between sliding surfaces 
of the sleeve 12 and the plunger 24 such that hydraulic oil can flow from the pressure chamber 25 
into the reservoir chamber 26 via the minute oil leak gap; wherein a return chamber 29 is defined 
under the sleeve 12 so as to communicate with the reservoir chamber 26, the bottom of the sleeve 
12 being formed with a valve hole 31 through which the return chamber 29 communicates with 
the pressure chamber 25; and wherein a relief valve 32 is provided at the valve hole 31 to open 
the valve hole 31 if the pressure in the pressure chamber 25 exceeds a set pressure. 

In contrast to the present invention of claim 1, the Domenichini patent does not disclose a 
"minute oil leak gap" between the sliding surfaces of the alleged plunger (i.e., its piston 23) and 
the alleged sleeve (i.e., its inner tube 16). Rather, in Domenichini, a seal ring is provided 
between the sliding surfaces of the piston 23 and the tube 16 to prevent flow of hydraulic oil 
around the piston 23 between the alleged reservoir chamber (i.e., its upper chamber) 50 and the 
alleged pressure chamber (i.e., its lower chamber) 46. Although the seal ring of Domenichini 
provided between the sliding surfaces of the piston 23 and the tube 16 is not numbered, the 
presence of this seal ring can be clearly seen in Fig. 3. Therefore, it is believed apparent that the 
Domenichini hydraulic shock absorber does not include a minute oil leak gap formed between 
sliding surfaces of the alleged sleeve 16 and the alleged plunger 23, as required by claim 1. 

Furthermore, claim 1 specifies that, in the present inventive auto-tensioner A, the return 
chamber 29 is defined under the sleeve 12 "so as to communicate with said reservoir chamber 
[26]." Contrary to this requirement of claim 1, the alleged reservoir chamber 50 of the 
Domenichini shock absorber is not in communication withe alleged return chamber 68, 91 of 
Domenichini. In this regard, reference is made to the Domenichini description at column 5, lines 
8-13 that "during extension, the oil is made to pass from the upper chamber 50 to the lower 
chamber 46 by way of the members for regulating braking of the valve-containing piston 23. At 
the same time, the annular duct 48 is pressurized by the passage 52." That is, in order to allow 
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the annular duct 48 of Domenichini and thus the alleged reservoir chamber (upper chamber) 50 
of Domenichini to be pressurized, the chambers must be isolated from the alleged return chamber 
68, which communicates with Domenichini's compensation chamber 44. 

Therefore, the alleged relief valve (i.e., Domenichini's auxiliary compensation valve 66) 
also differs from the claimed relief valve 32 of the present inventive auto-tensioner because the 
alleged relief valve 66 of Domenichini does not allow fluid communication between the alleged 
pressure chamber (lower chamber) 46 of Domenichini and the alleged reservoir chamber 50 
through the alleged return chamber 68, 91 of Domenichini, because the chambers 50 and 68, 91 
are not in communication with each other. 

Therefore, it is believed apparent that the above-discussed features of present claim 1 are 
not disclosed or suggested in the Domenichini configuration. Furthermore, although the Chan 
patent was cited by the Examiner for teaching a "spring (40) around the shock absorber", the 
Chan patent provides no teaching or suggestion that would have obviated the above-discussed 
shortcomings of Domenichini. Accordingly, it is respectfully submitted that the present 
invention of claim 1 is not anticipated by Domenichini and would not have been obvious to a 
person of ordinary skill in the art in view of the Domenichini and Chan references. Therefore, it 
is respectfully submitted that claim 1, as well as claims 2 and 3 which depend therefrom, are 
clearly allowable over the prior art of record. 

The Examiner's attention is directed to the new dependent claims 2 and 3 which set forth 
details of the communication between the return chamber 29 and the reservoir chamber 26. In 
particular, claim 2 specifies that such communication occurs through at least one axial groove 30 
formed in a surface between the sleeve 12 and the cylinder 11, and claim 3 further specifies that 
the at least one axial groove is formed in an outer peripheral surface of the sleeve 12, as 
illustrated in Figs. 2-4. 

In view of the foregoing amendments and remarks, it is respectfully submitted that the 
present application is clearly in condition for allowance. An early notice thereof is earnestly 
solicited. 
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If, after reviewing this Amendment, the Examiner feels there are any issues remaining 
which must be resolved before the application can be passed to issue, it is respectfully requested 
that the Examiner contact the undersigned by telephone in order to resolve such issues. 



CRW/asd 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
November 19, 2008 



Respectfully submitted, 



Katsunori MINENO et al. 




Charles R. Watts 
Registration No. 33,142 
Attorney for Applicants 
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SPECIFICATION 
AUTO-TENSIONER FOR ENGINE ACCESSORY 



TECHNICAL FIELD 
[0001] 

This invention relates to an auto-tensioner for engine accessories for 
keeping a constant tension in a belt for driving engine accessories such as 
an alternator. 
[0002] 

Ordinarily, a belt transmission system for driving engine accessories 
includes an auto-tensioner for keeping a constant tension in the accessory 
driving belt by applying an adjusting force to the belt. 
[0003] 

Patent document 1 JP utility model publication 5-10849A discloses 
an auto-tensioner for engine accessories of this type. The auto-tensioner 
disclosed in Patent document 1 JP utility model publication 5-10849A 
includes a cylinder in which a sleeve having a bottom is received. A seal 
member such as an oil seal is mounted to the cylinder at its open top end to 
prevent leakage of hydraulic oil in the cylinder. A rod slidably extends 
through the seal member and is biased outwardly of the cylinder by a 
return spring. The pushing force applied to the rod from the belt is 
dampened by a hydraulic damper mounted in the cylinder. 
[0004] 

The hydraulic damper includes a plunger slidably mounted in the 
sleeve and dividing the interior of the cylinder into a pressure chamber and 
a reservoir chamber. The plunger is formed with a passage through which 
the pressure chamber communicates with the reservoir chamber. A check 
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valve is provided at the passage to close the passage when the pressure in 
the pressure chamber exceeds the pressure in the reservoir chamber. Thus, 
the pushing force applied to the rod is dampened by the hydraulic oil in the 
pressure chamber. When the pushing force applied to the rod exceeds the 
force of the return spring, hydraulic oil in the pressure chamber leaks 
through oil leak gaps formed between the sliding surfaces of the plunger 
and the sleeve into the reservoir chamber. 
[0005] 

There are two types of auto-tensioners for engine accessories, i.e. 
ones in which the return spring is mounted around the cylinder and ones in 
which the return spring is mounted in the cylinder. By mounting the return 
spring around the cylinder, it is possible to reduce its spring constant while 
keeping a large spring load, so that the auto-tensioner can more smoothly 
follow fluctuations in the tension of the belt. 
Patent document: jp utility model publication 5-10849A 

DISCLOSURE OF THE INVENTION 

PROBLEMS FOR WHICH THE INVENTION SEEKS A SOLUTION 
[0006] 

In an auto-tensioner for engine accessories in which the return 
spring is mounted around the cylinder, because the belt tends to shrink and 
expand more markedly than timing belts, oil leak gaps are formed that are 
larger than oil leak gaps of auto-tensioners for timing belts to increase the 
amount of leakage of oil, thus suppressing the damping force of the 
hydraulic damper. This however reduces the yield strength of the 
auto-tensioner for engine accessories and results in increased vibration 
amplitude of the belt even under low loads. 
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SUMMARY OF THE INVENTION 
[0007] 

An object of this invention is to provide an auto-tensioner for engine 
accessories which can smoothly follow shrinkage and expansion of the belt 
and which can minimize the amplitude of vibration of the belt. 

MEANS TO ACHIEVE THE OBJECT 
[0008] 

According to the present invention, there is provided an 
auto-tensioner for engine accessories comprising a cylinder having an open 
top end, a sleeve having a bottom and inserted in the cylinder, a seal 
member mounted to the cylinder at the open top end to prevent leakage of 
hydraulic oil in the cylinder, a rod slidably extending through the seal 
member, a plunger connected to a bottom end of the rod so as to be slidable 
in the sleeve, the plunger defining a reservoir chamber and a pressure 
chamber in the cylinder over and under the plunger, respectively, and 
having a passage through which the pressure chamber communicates with 
the reservoir chamber, a check valve provided at the passage to close the 
passage when the pressure in the pressure chamber exceeds the pressure in 
the reservoir chamber, and a return spring mounted around the cylinder to 
bias the rod outwardly of the cylinder, characterized in that a return 
chamber is defined under the sleeve so as to communicate with the 
reservoir chamber, the bottom of the sleeve being formed with a valve hole 
through which the return chamber communicates with the pressure 
chamber, the auto-tensioner further comprising a relief valve provided at 
the valve hole to open the valve hole if the pressure in the pressure 
chamber exceeds a set pressure. 
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ADVANTAGES OF THE INVENTION 
[0009] 

By forming the valve hole in the bottom of the sleeve, and providing 
the relief valve at the valve hole, even if the oil leak gap defined between 
the sliding surfaces of the sleeve and the plunger is reduced to reduce the 
amount of oil leakage, thereby increasing the damping force of the 
hydraulic damper, by opening the relief valve, it is possible to effectively 
absorb expansion of the belt due to fluctuations in loads on engine 
accessories or the revolving speed of the engine. This improves the 
responsiveness of the auto-tensioner for engine accessories according to the 
invention. 
[0010] 

While the relief valve is closed, the belt is pressed by the return 
spring having a large spring constant, so that the vibration amplitude of 
the belt is kept low. 
[0011] 

When the tension in the belt increases, the rod is pushed into the 
cylinder. If the pressure in the pressure chamber due to the pushing force 
applied to the rod exceeds the set pressure of the relief valve, the relief 
valve opens, thus preventing an excessive increase in the tension of the belt 
when fluctuations in revolving speed of the engine is large while the engine 
revolving speed is low. Also, by applying a pushing force to the rod which is 
large enough to produce a pressure in the pressure chamber higher than 
the set pressure of the relief valve, the rod can be smoothly pushed into the 
cylinder, so that the engine accessory driving belt can be easily replaced. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

Fig. 1 is a front view of a belt tension adjusting device including an 
auto-tensioner for engine accessories according to the present invention! 

Fig. 2 is a vertical sectional front view of the auto-tensioner shown 
in Fig. l; 

Fig. 3 is a partial enlarged sectional view of the auto-tensioner of 
Fig. 2 showing its portion where a relief valve is mounted; and 
Fig. 4 is a sectional view taken along line IV- IV of Fig. 3. 

DESCRIPTION OF NUMERALS 
[0013] 

11 Cylinder 

12 Slcovo 

13 Seal member 
16 Rod 

21 Return spring 



25 Pressure chamber 

26 Rooorvoir chamber 

27 Pa s sage 

28 Check valve 

29 Return chamber 
31 Valve hole 
32-Re liof v a lv e 



REST MODE FOR EMBODYING DETAILED DESCRIPTION OF THE 
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INVENTION 
[0014] 

The -An embodiment of the present invention is now described with 
reference to the drawings. Fig. 1 shows a belt tension adjusting device 
including an auto-tensioner A for engine accessories according to the 
present invention. The tension adjusting device includes a pulley arm 1 
pivotable about a shaft 2. An adjusting force of the auto-tensioner A for 
engine accessories is applied to the pulley arm 1 to press a tension pulley 3 
rotatably supported by the pulley arm 1 against an engine accessory driving 
belt 4. 
[0015] 

Referring to Fig. 2, the auto-tensioner A for engine accessories 
includes a cylinder 11 made of aluminum alloy and having a closed bottom, 
and a steel sleeve 12 having a closed bottom and received in the cylinder 11. 
[0016] 

A seal member 13 in the form of an oil seal is mounted to the 
cylinder 11 near its top opening. An air gap 14 is present in the cylinder 11 
between the seal member 13 and hydraulic oil in the cylinder 11. 
[0017] 

The seal member 13 has a rod inserting hole 15 through which a rod 
16 slidably extends. An arm coupling piece 17 coupled to the pulley arm 1 is 
mounted to the top of the rod 16. 
[0018] 

The arm coupling piece 17 includes a spring seat 18 and a cylindrical 
dust cover 19 surrounding the outer periphery of the cylinder 11 at its top 
portion. A return spring 21 is mounted between the spring seat 18 and a 
spring seat 20 provided on the outer periphery of the cylinder 11 at its lower 
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portion to bias the rod 16 outwardly of the cylinder 11. 
[0019] 

A wear ring 22 is mounted to a portion of the rod 16 disposed inside 
the cylinder 11. The wear ring 22 is in sliding c ontact with the i nner 
periphery of the cylinder 11, thereby supporting the intermediate portion of 
the rod 16. 
[0020] 

A hydraulic damper 23 is mounted in the cylinder 11 for dampening 
the pushing force applied to the rod 16. 
[0021] 

The hydraulic damper 23 includes a plunger 24 slidable along the 
inner periphery of the sleeve 12 and connected to the bottom of the rod 16. 
The plunger 24 divides the interior of the cylinder 11 into a pressure 
chamber 25 and a reservoir chamber 26. The plunger 24 is formed with a 
passage 27 through which the pressure chamber 25 communicates with the 
reservoir chamber 26. A check valve 28 is provided at the passage 27. 
[0022] 

The check valve 28 comprises a check ball 28a for closing and 
opening the passage 27, a retainer 28b for restricting the degree of opening 
of the passage 27 by the check ball 28a, and a plunger spring 28c biasing 
the retainer 28b against the bottom surface of the plunger 24. The check 
valve 28 is configured to close the passage 27 when the pressure in the 
pressure chamber 25 exceeds the pressure in the reservoir chamber 26. 
[0023] 

As shown in Figs. 2 and 3, a return chamber 29 is formed in the 
inner bottom surface of the cylinder 11 under the bottom end of the sleeve 
12. The return chamber 29 communicates with the reservoir chamber 26 

7 



through a plurality of axial grooves 30 formed in the outer periphery of the 

sleeve 12. 

[0024] 

But instead, the return chamber 29 may be communicated with the 
reservoir chamber 26 through a plurality of axial grooves formed in the 
inner periphery of the cylinder 11. 
[0025] 

In the bottom of the sleeve 12, a valve hole 31 is formed through 
which the pressure chamber 25 communicates with the return chamber 29. 
A relief valve 32 is provided at the valve hole 31. The relief valve 32 
comprises a ball 33 for closing and opening the valve hole 31, and a spring 
34 biasing the ball 33 toward the valve hole 31. The relief valve 32 is 
configured to open the valve hole 31 when the pressure in the pressure 
chamber 25 exceeds a set pressure. 
[0026] 

In this auto-tensioner for engine accessories, when the belt 4, shown 
in Fig. 1, slackens, the rod 16 is pushed out of the cylinder 11 under the 
biasing force of the return spring 21, thus pivoting the pulley arm 1 about 
the shaft 2 in a direction to re -tension the belt 4. 
[0027] 

When the rod 16 is pushed out of the cylinder 11, the plunger 24 is 
moved together with the rod 16, so that the pressure in the pressure 
chamber 25 falls below the pressure in the reservoir chamber 26. The 
passage 27 is thus opened by the check valve 28, allowing hydraulic oil in 
the reservoir chamber 26 to smoothly flow into the pressure chamber 25 
through the passage 27. The rod 16 can thus quickly move outwardly, thus 
instantly re-tensioning the belt 4. 
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[0028] 

When the tension in the belt 4 increases, the rod 16 is pushed into 
the cylinder 11 by the belt 4 through the pulley arm 1. The pressure in the 
pressure chamber 25 thus exceeds the pressure in the reservoir chamber 26, 
which causes the passage 27 to be closed by the check valve 28. The pushing 
force applied to the rod 16 is thus dampened by the hydraulic oil in the 
pressure chamber 25. 
[0029] 

When the pushing force applied to the rod 16 exceeds the force of the 
return spring 21, hydraulic oil in the pressure chamber 25 flows through a 
minute ^ape- oil leak gap 35 formed between the sliding surfaces of the 
sleeve 12 and the plunger 24 into the reservoir chamber 26. The plunger 
and the rod 16 thus move slowly until the pushing force balances with the 
force of the return spring 21. 
[0030] 

The pressure of the hydraulic oil in the pressure chamber 25 
gradually increases with the pushing force applied to the rod 16. If the 
pressure in the pressure chamber 25 exceeds the set pressure of the relief 
valve 32, the relief valve 32 opens the valve hole 31, allowing hydraulic oil 
in the pressure chamber 25 to flow through the valve hole 31 into the return 
chamber 29, and then into the reservoir chamber 26 through the passages 
30. This prevents the pressure in the pressure chamber 25 from exceeding 
the set pressure of the relief valve 32, thus preventing an excessive increase 
in the tension of the belt 4. 
[0031] 

By providing the relief valve 32, which keeps the pressure in the 
pressure chamber 25 below the set pressure, it is possible to prevent an 
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excessive increase in the tension of the belt 4. This in turn makes it possible 
to reduce the minute oil leak gaps formed between the sliding surfaces of 
the sleeve 12 and the plunger 24, thereby increasing the time during which 
hydraulic oil leaks through the minute oil leak gaps. Thus, it is possible to 
press the belt 4 with a high spring constant while the relief valve 32 is 
closed, thereby minimizing the amplitude of vibration of the belt 4. 
[0032] 

While the relief valve 32 is open, the belt 4 is pressed with a smaller 
spring constant. Thus, the auto*tensioner for engine accessories according 
to the present invention can smoothly follow fluctuations in tension of the 
belt 4 due to fluctuations in the load on the engine accessories. 
[0033] 

In order to replace the belt 4 with a new one, the rod 16 is pushed 
into the cylinder 11 by pressing the tension pulley 3 so that tension pulley 3 
is not pressed against the belt 4. In this state, the belt 4 is replaced. 
[0034] 

When the rod 16 is pushed into the cylinder 11 to replace the belt 4, 
the pressure in the pressure chamber 25 exceeds the set pressure of the 
relief valve 32 due to the pushing force applied to the rod 16. The valve hole 
31 is thus opened by the relief valve 32, so that hydraulic oil in the pressure 
chamber 25 flows through the valve hole 31 into the return chamber 29. The 
rod 16 can thus be smoothly pushed into the cylinder 11. 
[0035] 

Because the auto-tensioner for engine accessories according to the present 
invention can be shrunk by applying a pushing force greater than the set 
pressure of the relief valve 32 to the rod 16, replacement of the belt 4 is 
extremely easy. 
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ABSTRACT 

A«~ In an auto-tensioner for engine accessories^, is proposed which 
can smoothly follow shrinkage and expansion of a bolt and which can 
minimize tho amplitude of vibration of the bolt. 

A-a_seal member 4-3-is mounted to a cylinder 11 at its top opon end . A 

rod i€-slidably extends through the seal member-43. A return spring M 
biases the rod ±€-outwardly. A plunger-24 , connected to the bottom of the 
rod, is slidably received in a sleeve 12 having a bottom and that is received 
in the cylinder 11, and is connected to tho bottom of tho rod 16 . The plunger 
£4-has a passage S^through which a lower pressure chamber 2§-and an 
upper reservoir chamber ^^communicate with each othor . A check valve 2& 
is provided at the passage-3^. A return chamber 29-is defined under the 
sleeve 12 go as to communicate with the reservoir chamber-2&. In tho 
bottom of the sleeve 12, a valve hole 31 is formed through which the The 
return chamber 2#-communicates with the pressure chamber-^ via a relief 
valve through a valve hole in the bottom of the sleeve . A relief valve 32 is 
provided at tho valve hole 31. The relief valve ^-prevents the pressure in 
the pressure chamber 2§— from rising above a set pressure, thereby 
preventing an prevent excessive increase in the belt tension of the belt . 
This makes it possible to reduce allows reduction of oil leak gaps defined 
between the sliding surfaces of the sleeve 12 and the plunger 24, thereby 
keeping — the — vibration — amplitude — ef — the — belt. — This — improves — the 
roopon o ivono BS of the auto-tonsionor to tho expan s ion of tho bolt while tho 
relief valvo 32 is open . 
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